The consumption of squab (young unfledged pigeons) as part of the cuisine of many countries, together with the observation that squabs are vectors of zoonotic agents, may make them a public health risk.
Introduction
The first historical mention of domesticated pigeons being used for food was in Egypt in 3,000 BC (1) . Since their initial domestication, pigeons have been regarded as a cheap source of good meat, particularly the squab meat, which is valued highly. The Romans also kept pigeons for food and were familiar with the practice of forcefeeding squabs in order to fatten the young birds more quickly. Wild pigeons were hunted as a cheap and readily available source of protein, although the meat from older and wild pigeons is tougher and requires a long period of stewing or roasting to tenderise. Usually considered a delicacy, squab is tender, moist and richer in taste than many commonly consumed poultry meats. Today, squab is part of the cuisine of many countries, including France, the United States (USA), Italy, Northern Africa, and several Asian countries (1, 2, 3) . The Egyptians, Chinese and other Asians consider squab meat an aphrodisiac. In the USA, squab is 'increasingly a specialty item', as the larger and cheaper chicken has displaced it (4). Nevertheless, squab produced from specially raised utility pigeons continues to Rev. sci. tech. Off. int. Epiz., 33 (3) No. 03032014-00028-EN 3/19 grace the menus of American haute cuisine restaurants such as Le
Cirque and the French Laundry (5, 6) and has enjoyed endorsements from some celebrity chefs (1) . Accordingly, squab is often sold for much higher prices than other poultry, sometimes as high as eight US dollars (USD) per pound weight (1) .
Human salmonellosis has been associated with contaminated poultry and with direct contact with food animals, highlighting the possibility of transmission of these organisms to humans through the food chain (7) . Although there are few reports of disease transmission from pigeons to humans (8) , their close interaction, together with the observation that these birds are vectors for zoonotic agents (9), may make them a public health risk. Squab meat is regarded as safer than some other poultry products, as it harbours fewer pathogens (2, 10), but there has not yet been a detailed study of the role of squab as a vector of Salmonella species.
To determine the extent to which squabs might harbour salmonellae and pose a risk to the human population in Egypt, squabs on sale in Cairo markets were screened for the presence of salmonellae relevant to public health. Isolates were examined for the presence of 11
virulence-associated genes (invA, avrA, ssaQ, mgtC, siiD, sopB, gipA, sodC1, spvC, sopE1, bcfC) and their antimicrobial resistance profiles were determined.
Methods

Sampling and isolation
The research was carried out in the Department of Poultry Diseases, 
Serotyping of salmonellae
Purified isolates were serotyped using a slide agglutination method with O-and H-group antigen-specific antisera (Denka-Seiken, Tokyo, Japan). Once the antigenic formulae were obtained, the KauffmanWhite serotyping scheme was used to identify the serotype.
Antimicrobial susceptibility testing using the disk diffusion method
The antimicrobial resistance profiles of the S. Typhimurium, S. Braenderup and S. Lomita isolates were determined using disks impregnated with a range of antibiotics at fixed concentrations 
Detection of virulence determinants
A polymerase chain reaction (PCR) amplification assay (for primers and assay conditions, see Table I ) was used to detect virulence genes in all the isolates. Briefly, isolates were grown overnight at 37°C in Luria-Bertani broth (Sigma, St. Louis, MO). Genomic DNA was extracted using a boiling method and used as the target for PCR assays. Lysates were chilled on ice and then spun for 5 min in a microcentrifuge at 14,000 g to pellet the debris. Portions (5 μl) of the supernatants were used as templates in the PCR. The isolates were screened for the presence of 11 virulence genes (invA, avrA, ssaQ, mgtC, siiD, sopB, gipA, sodC1, sopE1, spvC, bcfC). The PCR conditions and primers used for the target genes have been previously published (13, 14, 15) . The specificity of the oligonucleotide primers was confirmed using strains of S. Enteritidis (ATCC 13076) and E. coli (ATCC 50034) as reference samples.
Statistical analysis
The distribution of resistance phenotypes among the serotypes, either resistance to a single antibiotic or multidrug resistance, was tested using a contingency (located on a bacteriophage) was identified in the Typhimurium isolates only.
Combinations of virulence genes
Over all, four different combinations of virulence genes were detected among the serotypes (Table III) . The four Typhimurium isolates possessed three combinations of virulence genes, two of them being identical (sodC1, sopB, spvC and bcfC).
Distribution of resistance to individual antimicrobial agents
Frequent resistance to the antimicrobials tested was evident in all six isolates of salmonellae (Table IV) . In particular, all isolates were resistant to lincomycin and streptomycin but all were susceptible to ciprofloxacin and gentamicin; resistance patterns to the other antimicrobials exhibited great diversity. 
Association of antimicrobial resistance phenotype with virulence-associated genes
Analysis of the presence of the 11 virulence-associated genes in the tested isolates is shown in Table III 
Conclusion
Understanding the associations between human cases of salmonellosis, animal sources and the environment is epidemiologically important in attempts to control the spread of these infections within communities (7, 44 
